INTRODUCTION
Bimaxillary osteotomies are commonly done to correct dentofacial deformities. Osteotomy at the LeFort I level is a common surgical technique employed for the correction of maxillary deformities. Bilateral sagittal split osteotomy (BSSO) is a versatile surgical procedure commonly used in orthognathic surgery to treat patients with mandibular deformities. This procedure allows correction of prognathism, retrognathism, asymmetry, limited superior and inferior repositioning of the mandible. It is clear that orthognathic surgery, in general, would benefit patients with severe malocclusion associated with skeletal discrepancies leading to the improvement in function and appearance. This surgical correction has a large impact on the physical and psychosocial aspects of the patient and consequently leads Proceedings of Singapore Healthcare  Volume 23  Number 3  2014 to an improvement of their quality of life (QoL) [1] [2] [3] . This is especially true in Class III skeletal patients who present with a hyperplastic mandible or a combination of hypoplastic maxilla and hyperplastic mandible. This gives rise to a concave facial profile and disproportionate facial appearance leading to functional, aesthetics and psychosocial problems.
However, the use of BSSO technique has been controversial for the correction of mandibular prognathism in Class III skeletal patients which affects about 22.4% of Singapore's population 4 . The controversy stems from the fact that some surgeons discourage the use of the BSSO due to the risk of damaging the inferior alveolar nerve, which runs within the body of the mandible, resulting in long-term neurosensory disturbances to the lip and chin, and may affect the QoL of the patient in the long-term 5 .
The use of quality of life as a measure of well-being in patients undergoing orthognathic surgeries has been gaining interest in recent years. Quality of life can be used as a discriminatory tool to identify patients with or without dentofacial deformities 6 . It can also be used as a tool to monitor the course of patient's recovery when QoL instruments are administered pre-operatively and post-operatively. Most QoL studies done with regards to orthognathic surgeries are not specific, the samples in these studies comprise of different variables such as different patient profiles, dentofacial deformities and surgical techniques, and few studies were done to monitor exclusively, the long-term benefits of mandibular setback surgery using the BSSO technique in these patients 2, 7, 8 . This study aims to evaluate the long-term benefits of bimaxillary osteotomies, measured in terms of QoL outcomes of Class III skeletal patients at two years postsurgery. The null hypothesis in this study is that bimaxillary surgery does not improve Orthognathic Quality of Life Questionnaire (OQLQ) scores after two years post-surgery.
METHODS
This study was approved by the SingHealth Centralised Institutional Review Board (CIRB) and conducted in the National Dental Centre Singapore (NDCS).
The inclusion criteria for this study include: letter was sent to each patient. Study details were explained and written consent taken on the appointment visit. Parental consent was obtained from patients under the age of 21.
Patients were recalled at two years post-surgery. Each patient was given a set of two questionnaires, Oral Health Impact Profile (OHIP-14) and Orthognathic Quality of Life Questionnaire (OQLQ) on the study appointment [9] [10] [11] [12] .
The OHIP-14 is a subset of the 49-question Oral Health Impact Profile (OHIP-49). The OHIP-14, like its predecessor, measures people's perception of the impact of oral health conditions on their well-being 9, 10 . It contains 14 items separated into seven domains, namely functional limitation, physical pain, psychological discomfort, physical disability, psychological disability, social disability and handicap. Each item is qualified with a Likerttype scale which grades 0 = 'never' , 1 = 'hardly ever' , 2 = 'occasionally' , 3 = 'fairly often' and 4 = 'very often' . The minimum score in OHIP-14 is 0, indicating no impact, and the maximum score being 56, indicating worst impact to QoL. Each domain is represented by two items. The minimum score for each domain is thus 0 and maximum is 8 (Appendix A).
The OQLQ was developed to measure the QoL in patients with severe dentofacial deformity seeking orthognathic surgery 11, 12 . The questionnaire contains 22 items, separated into four domains, namely facial aesthetics, oral function, awareness of dentofacial aesthetics and social aspects of dentofacial deformity. Each item is scored on a 4-point scale, where 1 indicates "bothers you a little", 4 = "bothers you a lot", 2 and 3 = "between these statements". A 0 score is given if the statement "does not apply or does not bother". The maximum score that can be obtained is 88, indicating a large impact to the patient's QoL. The minimum score is 0 and indicates no or minimal impact to the QoL. Unlike OHIP-14, the domains are represented by different number of items. Facial aesthetics and oral function are represented by five items each, giving a score from 0 to 20. Awareness of dentofacial aesthetics is represented by four items with a score from 0 to 16 and social aspects of dentofacial deformity is represented by eight items, giving a score from 0 to 32 (Appendix B).
Patients were required to answer according to how they perceived themselves before and two years after orthognathic surgery.
Data Analysis
The collective and domain scores for OHIP-14 and OQLQ were obtained and analysed according to their respective scoring algorithm. The power of the study was calculated using OQLQ as reference.
The scores before and after surgery were compared using the Wilcoxon Signed Rank Test. from a possible maximum of 56. The minimum score obtained in the survey was 0 and the maximum was 44. The median OHIP-14 score was 14.00. In contrast, the mean OHIP-14 score two years after surgery was 4.68. The minimum score obtained was 0 and the maximum was 19. The median score after surgery was 3.00. The median OHIP-14 total score after treatment was significantly lower than the median OHIP-14 total score before treatment (p<0.001, Wilcoxon Signed Rank test).
RESULTS
The mean score for OQLQ before surgery was 31.85 from a possible maximum of 88. The minimum score obtained was 1, and the maximum score was 82. The median score before surgery was 28.00. Two years after surgery, the mean score for OQLQ was 13.51. The minimum score obtained from the subjects was 0, and the maximum was 42. The median score was 11.00. The median OQLQ total score after treatment was significantly lower than the median OQLQ total score before treatment (p < 0.001,Wilcoxon Signed Rank test).
The median domain scores of both OHIP-14 and OQLQ were compared using Wilcoxon Signed Rank Test. The results are tabulated in Tables 2 and  3 respectively.
DISCUSSION
Various studies have described the benefits of orthognathic surgery especially in patients with Class III skeletal deformity. Pahkala and Kellokoski found that patients that underwent BSSO setback surgery were pleased with the outcome 13 . Another study found that Class III skeletal patients perceived that orthognathic surgery greatly improved their dental appearance, facial appearance and chewing ability. The majority of these patients were graded to be more satisfied with orthognathic surgery compared to both Class I and Class II skeletal patients. Almost all the Class III patients indicated that they would be willing to make the same decision to undergo the surgery again based on their experiences 14 .
Nicodemo et al. conducted a study on the effects of orthognathic surgery of class III correction on quality of life measured by the 36-item Short Form Health Survey (SF-36) 15 . The study comprised 29 subjects presenting with Angle's Class III malocclusion, and the patients underwent maxillary advancement, mandibular setback or bimaxillary procedures. They found that only physical, and social aspects of their subjects' lives were significantly improved six months post-surgery. This is in contrast to a study conducted by Choi et al 8 In our study, we chose the OHIP-14 and OQLQ because the OHIP-14 is a generic oral health specific questionnaire which has proven sensitive for orthognathic surgery. OQLQ on the other hand is a condition specific QoL questionnaire which was designed and validated for this purpose 11, 12 .
We also chose to evaluate patients at the twoyear post-surgery period because the long-term complications associated with the BSSO such as skeletal relapse and neurosensory disturbances would have stabilised. We wanted to observe their impact of long-term complications on QoL. Therefore, the scores for OHIP-14, OQLQ and the various domains were only recorded two years post-surgery and not before. Nonetheless, the results were all significantly improved at two years post-surgery. This is in congruence with studies performed which reported lasting improvement of the patients' QoL 16-18 .
The Wilcoxon Signed Ranked test was used for our statistical analysis. This was because our results obtained from both OHIP-14 and OQLQ did not follow a normal distribution. In this study, the normality or homogeneity of variance assumption was violated, thus a non-parametric test was used. The median would be a more appropriate parameter instead of the mean score as was done in other QoL studies. The subjects in our study experienced a statistically significant improvement in treatment outcome in terms of QoL and their respective domain scores after BSSO setback surgery.
All the cases in our study underwent combined maxillary advancement and BSSO mandibular setback surgery with rigid fixation. Bilateral sagittal split osteotomy and VRO are common surgical procedures done for the correction of prognathism. The major difference between the two techniques is that the BSSO allows titanium plates and screws to be placed intra-operatively and negates the need for post-operative intermaxillary fixation. However, like all surgical techniques, complications might arise with the employment of the BSSO technique. These complications can be divided into three broad categories, namely immediate, short-term and long-term complications. Immediate surgical complications occur intra-operatively, whereas short-term complications arise shortly after completion of the surgery and during the recovery of the patient. Long-term complications are apparent only after optimal time has been given for the recovery of the patient. The complications under each category are summarised in Table 4 .
In BSSO, injury to the inferior alveolar nerve leading to neurosensory disturbances, that causes numbness of the lower lip and chin, is of great concern to many surgeons. One study quoted the percentage of nerve injury to be as high as 27.8% 19 . This is the main reason why some surgeons use the alternative VRO when managing patients with Class III skeletal deformities. Not surprisingly, Finlay et al. reported that long-term neurosensory disturbance is an important factor in patient's overall satisfaction 20 . Interestingly, in another study, it was noted that patients did not seem bothered The median OQLQ social aspects of deformity, facial aesthetics, function and awareness of facial deformity score after surgery were significantly lower than their respective median OQLQ domain scores (p< 0.001, p = 0.013,Wilcoxon Signed Rank test).
Proceedings of Singapore Healthcare  Volume 23  Number 3  2014 by partial neurosensory deficit after orthognathic surgery 21 . It can be suggested that in our study, neurosensory disturbances that might be related to BSSO technique did not affect the QoL of Class III skeletal patients significantly as all the QOL scores improved two years after surgery. It can also suggest that any long-term neurosensory deficit might not be severe to have caused a decrease in the QOL of these patients. More studies would need to be done to establish conclusive correlations between quantifiable measures of neurosensory disturbance and its impact on QoL scores.
The other complication that is commonly associated with orthognathic surgery is skeletal and dental relapse. This study was limited by a small sample size. It was conducted over a period of three years and only yielded a small sample size of 41 subjects. This was in part due to the stringent inclusive and exclusive criteria in the recruitment protocol. Moreover, social issues such as being unable to contact subjects due to their studying or working overseas, change in contact numbers and addresses. The recruitment of subjects was also on a voluntary basis and this contributed to the small sample size. This study may be biased towards a positive outcome as it can be postulated that only patients that are both compliant and had positive outcomes would participate in the study. However, it is also possible that patients who are satisfied with the outcome may not be interested to return for reviews as they perceive them as unnecessary, especially if they do not have any significant problems from the surgery.
Future directions
If QoL surveys can be routinely conducted for patients planning for orthognathic surgery and followed up with similar questionnaires during the recovery phase and subsequent reviews, we will be able to create a database and correlate baseline scores to post surgical scores. Patients can then be profiled according to the baseline pre-surgical QoL survey results and individualised predictions can be made as to whether orthognathic surgery would be beneficial. This would lead to better patient selection and treatment planning with regards to orthognathic surgery, particularly in patients exhibiting "borderline" dentofacial deformities in which orthodontic camouflage may be a viable alternative to orthognathic surgery.
It could also permit the correlation of the amount of skeletal change, subsequent relapse and neurosensory disturbance with the patient's perception of the efficacy of orthognathic surgery measured in terms of QoL.
CONCLUSION
Treatment outcomes measured in terms of quality of life were significantly improved in Class III skeletal patients after bimaxillary osteotomies. The function, psychosocial and facial aesthetics improved significantly after surgery and these aspects continued well into two years post-surgery. The inclusion of QoL as a routine treatment outcome measure in orthognathic surgery would be beneficial in clinical profiling of patients, decision-making, evaluating the and efficacy of the procedure. It could potentially be used to evaluate surgical complications, arising from orthognathic surgery, and its impact on QoL in patients. More studies would be required to establish its correlation in the future.
